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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the power consumption 
without losing the servo performance by eliminating a power 
consumption loss. 

SOLUTION: The slider servo device has a window comparator 13 for 
judging an input voltage to a slider unit 3 and an analog switch 14 
for turning on or off a slider servo loop and switches the analog 
switch 14 according to the output of the window comparator 13. 
Also, by applying hysterisis characteristics to the judgment 
operation of the window comparator 13 for conforming to the start 
and stop voltages of the dead zone of the slider unit 3. With the 
above configuration, loss of the power consumption of the dead 
zone of the slider unit 3 can be eliminated, thus obtaining the slider 
servo device where the power consumption is drastically reduced. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The comparison step which judges that the output of the servo filter which amplifies the low frequency 
component of a tracking error signal from a regenerative signal is a predetermined electrical-potential -difference 
value, The output of said servo filter is connected to power amplifier based on the judgment result of said 
comparison step. Or the slider servo control approach characterized by making a servo loop into a closed loop by 
said switch step at the period judged as it having had the switch step to release and the output of said servo filter 
being over a predetermined electrical-potential-difference value by said comparison step. 

[Claim 2] Said comparison step is the slider servo control approach according to claim 1 characterized by having a 
hysteresis characteristic in the electrical-potential-difference value to judge, having set the threshold electrical 
potential difference at the time of amplitude buildup as the electrical potential difference which corresponds at the 
time of starting of a slider unit, and setting it as the electrical potential difference which corresponds when stopping 
the threshold electrical potential difference at the time of amplitude reduction after starting of said slider unit. 
[Claim 3] The optical pickup which carries out record playback of the information recorded on the optical disk 
optically, The slider unit which carries said optical pickup and moves to radial [ of an optical disk ], The servo filter 
which amplifies the low frequency component of a tracking error signal from the regenerative signal of said optical 
pickup, and performs basic servo control of a slider unit, and performs kick control of said slider unit, The power 
amplifier which drives said slider unit according to control of said servo filter, A comparison means to judge that it is 
the slider servo system which has the signal-processing machine which detects and processes data from said 
regenerative signal, and manages a servo sequence, and the output of said servo filter is a predetermined electrical- 
potential -difference value, It has the switching means which connects with said power amplifier or releases the 
output of said servo filter based on the judgment result of said comparison means. Said signal-processing machine 
The slider servo system characterized by connecting said switching means at the period judged as the output of 
said servo filter being over a predetermined electrical-potential-difference value with said comparison means, and 
making a servo loop into a closed loop. 

[Claim 4] Said comparison means is a slider servo system according to claim 3 characterized by having a hysteresis 
characteristic in the electrical-potential-difference value to judge, having set the threshold electrical potential 
difference at the time of amplitude buildup as the electrical potential difference which corresponds at the time of 
starting of said slider unit, and setting it as the electrical potential difference which corresponds when stopping the 
threshold electrical potential difference at the time of amplitude reduction after starting of said slider unit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In an optical disk unit, this invention relates to the slider servo control approach and slider 
servo system which carry out servo control of the slider which carries an optica! pickup and a disk moves free 
radially in order to read the recording information on an optical disk (it is hereafter called a disk for short) 
[0002] 

[Description of the Prior Art] The information recording track of a disk is formed in the shape of [ which followed 
the periphery from inner circumference ] a spiral. In connection with this, the information reading light spot of an 
optical pickup also needs to move to a periphery from inner circumference, and the slider servo system to which an 
optical pickup can be moved [ the inside-and-outside periphery of a disk ] becomes indispensable at this time, 
maintaining the relative location in the disk radial of the information reading light spot of an optical pickup, and the 
information recording track of a disk to accuracy. 

[0003] In the slider servo system which has such a function, it is reproduced as a tracking error signal according to 
the disk radial amount of bias, and the location of the information reading light spot to the information recording 
track location of a disk has composition which controls the driving force of a slider based on the low frequency 
component of this tracking error signal. 

[0004] furthermore, the above-mentioned configuration — fixed-speed delivery in a play condition — in addition — 
even if it changes from a certain rate to each of those rates rapidly at the same time to correspond to a speed 
range broad from the reduced feed at the time of a throw or a still to the rapid feed at the time of 3X or a search is 
demanded — an instant — and it can be necessary to follow accuracy 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, the slider unit has the neutral zone which generally is not 
driven by friction of a gear, backlash, cogging of a motor, etc. until the absolute value of an input level reaches 
predetermined level. Thus, since actuation will not be carried out but it will lead to loss of power consumption 
although the current for actuation is flowing to the slider unit if a neutral zone is in a slider unit, it is required that 
the slider unit which abolished loss of power consumption should be offered. 

[0006] This invention solves the above-mentioned conventional technical problem, and it aims at offering the slider 
servo system which made it possible to reduce power consumption after maintaining the servo engine performance 
equivalent to the former. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the slider servo system of this 
invention has a comparison means to judge the input voltage to a slider unit, and the switching means which turns 
on a slider servo loop and is turned off, and it constitutes it so that a switching means may be changed with the 
output of an above-mentioned comparison means. 

[0008] The slider servo system to which it reduced power consumption substantially by the above configuration 

since this invention lost **** of the power consumption of a servo neutral zone is obtained 

[0009] 

[Embodiment of the Invention] The comparison step which judges that invention of this invention according to claim 
1 is an electrical-potential-difference value predetermined in the output of the servo filter which amplifies the low 
frequency component of a tracking error signal from a regenerative signal, The output of a servo filter is connected 
to power amplifier based on the judgment result of a comparison step. At the period judged as it having had the 
switch step to release and the output of a servo filter being over a predetermined electrical -potential-difference 
value by the comparison step or by the switch step It is the servo control approach characterized by making a 
servo loop into a closed loop, and a servo loop is made into a closed loop to the range of the output of a servo filter 
whose slider unit is not a neutral zone, and it has the operation referred to as supplying an actuation current from 
power amplifier. 

[0010] Invention of this invention according to claim 2 a comparison step Have a hysteresis characteristic in the 
electrical-potential-difference value to judge, and the threshold electrical potential difference at the time of 
amplitude buildup is set as the electrical potential difference which corresponds at the time of starting of a slider 
unit. It is the servo control approach characterized by setting it as the electrical potential difference which 
corresponds when stopping the threshold electrical potential difference at the time of amplitude reduction after 
starting of a slider unit. A servo loop is made into a closed loop in the condition near actual actuation to the range 
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of the output of a servo filter whose slider unit is not a neutral zone, and it has the operation referred to as 
supplying an actuation current from power amplifier, 

[0011] The optical pickup which carries out record playback of the information by which invention of this invention 
according to claim 3 was recorded on the optical disk optically, The slider unit which carries an optical pickup and 
moves to radial [ of an optical disk ], The servo filter which amplifies the low frequency component of a tracking 
error signal from the regenerative signal of an optical pickup, and performs basic servo control of a slider unit, and 
performs kick control of a slider unit, The power amplifier which drives a slider unit according to control of a servo 
filter, A comparison means to judge that it is the slider servo system which has the signal-processing machine which 
detects and processes data from a regenerative signal and manages a servo sequence, and the output of a servo 
filter is a predetermined electrical-potential-difference value, It has the switching means which connects with power 
amplifier or releases the output of a servo filter based on the judgment result of a comparison means. A signal- 
processing machine A switching means is connected at the period judged as the output of a servo filter being over a 
predetermined electrical-potential-difference value with the comparison means. It is the servo system characterized 
by making a servo loop into a closed loop, and a servo loop is made into a closed loop to the range of the output of 
a servo filter whose slider unit is not a neutral zone, and it has the operation referred to as supplying an actuation 
current from power amplifier. 

[0012] Invention of this invention according to claim 4 a comparison means Have a hysteresis characteristic in the 
electrical-potential-difference value to judge, and the threshold electrical potential difference at the time of 
amplitude buildup is set as the electrical potential difference which corresponds at the time of starting of a slider 
unit It is the servo system characterized by setting it as the electrical potential difference which corresponds when 
stopping the threshold electrical potential difference at the time of amplitude reduction after starting of a slider unit. 
A servo loop is made into a closed loop in the condition near actual actuation to the range of the output of a servo 
filter whose slider unit is not a neutral zone, and it has the operation referred to as supplying an actuation current 
from power amplifier. 

[0013] (Gestalt 1 of operation) The gestalt of operation of the 1st of this invention is explained below, referring to a 
drawing. Drawing 1 is the block diagram showing the gestalt of operation of the 1st of this invention. In drawing, they 
are the optical pickup from which 1 reads an optical disk and the data stream on which 2 was recorded, the slider 
unit which 3 makes move an optical pickup 2 to radial [ of an optical disk 1 ], and the spindle motor which 4 equips 
with an optical disk 1 and rotates. 

[0014] The signal generation machine which generates a data stream to the data signal and servo signal to which 
reading appearance of 5 was carried out by the optical pickup 2, and 6 are signal-processing machines which 
manage data detection and a servo sequence based on the data signal and servo signal which were generated. 
[0015] 7 is an optical pickup servo control machine, about focal control and truck control of an optical pickup 2, 
amplifies the low frequency component of a focal error signal and a tracking error signal in a usual focus servo and a 
usual tracking servo list corresponding to a seeking track jump, and forms the basic servo property of an optical 
pickup 2. 10 is the power amplification of the focal control about an optical pickup 2, and a truck control system. 
[0016] Next, the spindle controller with which 9 consists of a servo filter of a spindle system about the servo 
control of a spindle motor 4, and 12 are the power amplification of a spindle control system. 

[0017] Furthermore, the analog switch with which the slider controller with which 8 consists of a servo filter of a 
slider system, the window comparator with which 13 judges the input level to the slider unit 3, and 14 turn on a 
slider servo loop, and turn off the decision output of the window comparator 13 as a switch signal of a servo loop 
about the servo control of the slider unit 3, and 1 1 are the power amplification of a slider control system. Each 
above servo control element (range surrounded with the alternate long and short dash line in drawing) is named 
slider equipment 15 generically. 

[0018] In addition, generally the servo filter of the slider unit 3 consists of a part (it corresponds to the usual 
tracking servo) which amplifies the low frequency component of a tracking error signal respectively corresponding to 
a usual tracking servo and a usual seeking track jump, and determines the basic servo property of a slider, and a 
kick signal output part for kicking the slider unit 3 (it corresponding to initiation of a slider of operation, i.e., initiation 
of a seeking track jump). 

[0019] About the gestalt of operation of the 1st of this invention constituted as mentioned above, the actuation is 
explained using drawing. Drawing where drawing 2 R> 2 (a) expresses the relation between slider controller 8 output 
°f drawing 1 and a neutral zone, and drawing 2 (b) are drawings showing the relation between the output of the 
analog switch 14 of drawing 1 , and a neutral zone. 

[0020] In drawing 2 (a), VI corresponds to the output of the slider controller 8 of drawing 1 , and Vs1+ and Vs1- are 
the reference voltages which converted into the input point of power amplification 1 1 the minimum starting voltage 
which escapes from the neutral zone of the slider unit 3. The voltage waveform of the shape of the teeth of a saw in 
drawing expresses the situation of output offset of the slider controller 8. 

[0021] That is, the optical pickup 2 traces the spiral truck of the rotating optical disk 1. Since the slider unit 3 has 
stopped at this time, an optical pickup 2 and the slider unit 3 will cause a location gap with time amount by the 
effectiveness of a tracking servo. In connection with the location gap, the low frequency component of a tracking 
error signal is amplified by operation of the servo filter of the slider controller 8 (that is, it becomes the envelope of 
a tracking error signal), and the offset which is the output of the slider controller 8 increases. And if reference 
voltage Vs1+ or reference voltage Vs1- is exceeded, the slider unit 3 will be started, the location gap with an optical 
pickup 2 and the slider unit 3 becomes small by moving to a suitable location, and the output of the slider controller 
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8 also becomes small. In this way, it becomes a teeth-of-a-saw-like voltage waveform. 

[0022] In drawing 2 (b), V2 corresponds to the output of the analog switch 14 of drawing 1 , and Vs1+ and Vs1- are 
the input conversion reference voltages of minimum starting voltage like drawing 2 (a). Moreover, Vs2+ and Vs2- are 
the judgment electrical potential differences which converted the threshold electrical potential difference of the 
window comparator 13 into the input point of power amplification 11. 

[0023] Now, as shown in drawing 2 (b), judgment electrical-potential-difference Vs2+ and Vs2- shall be set as an 
electrical-potential-difference value [ a little (an absolute value) ] lower than reference voltage Vs1+ and reference 
voltage Vs1- If the offset voltage of the shape of the teeth of a saw shown in drawing 1 (a) is supplied at this time, 
the period when offset voltage is low will not react, therefore an analog switch 14 will be connected to an earth side 
terminal, and, as for the window comparator 13, nothing etc. will produce an output, as for power amplification 11. 
Namely, a slider servo loop will be in an off condition. 

[0024] On the other hand, if offset voltage increases further and judgment electrical-potential-difference Vs2+ and 
Vs2- are exceeded, the window comparator 13 will react and an analog switch 14 will be connected to the output 
side of the slider controller 8. In this way, a slider servo loop is constituted. And if offset voltage increases further 
and reference voltage Vs1+ and Vs1- are exceeded at last, as drawing 2 (a) explained, the slider unit 3 will be 
started. 

[0025] As mentioned above, according to this invention, a servo loop becomes off [ the slider unit 3 ], and since 
useless consumption of the current in the slider unit 3 is lost, the cutback of power consumption can be aimed at 
until input voltage V1 exceeds judgment electrical-potential-difference Vs2+ and Vs2- 
[0026] or [ in addition, / that it is the same as reference voltage Vs1+ and Vs1- about judgment electrical- 
potential -difference Vs2+ and Vs2- ] — or if it sets up highly, since actuation of the slider unit 3 will become 
coarse, a play ability top property deteriorates. Moreover, since the cutback effectiveness of power consumption will 
decrease if it sets up lower, it is set as the level which takes both trade-off. 

[0027] As mentioned above, the servo property usual by using this invention can realize the slider servo system 
which realized the cutback of power consumption substantially, without making it deteriorate. In addition, although 
this invention made the time of the usual tracking servo the example and was explained, it is applicable not only to a 
tracking servo but actuation of the slider unit 3 at the time of a seeking track jump. 

[0028] (Gestalt 2 of operation) Next, the gestalt of operation of the 2nd of this invention is explained with reference 
to a drawing. Drawing 3 is the block diagram showing the gestalt of operation of the 2nd of this invention. In drawing, 
16 is a window comparator and gives a hysteresis characteristic to judgment actuation of the window comparator 13 
in drawing 1 . Other components are the same components as drawing 1 R> 1, attach the same sign and omit 
duplication of explanation. 

[0029] Next, the hysteresis characteristic of the window comparator 16 is explained. It is drawing where drawing 4 
(a) expresses the detail circuit diagram of the window comparator 1 6, and drawing 4 (b) expresses the wave of each 
part of a circuit of drawing 4 (a) of operation. In drawing, 17 is an operational amplifier and operates as a signal 
inverter by the resistance R1 of two connected to the inversed input terminal. 18 and 19 are comparators, compare 
the electrical potential difference and the comparison electrical potential difference Vr of an inversed input terminal, 
and operate. 20 is NAND of a logical circuit. 

[0030] Next, the actuation is explained. A comparator 18 judges the positive electrode of a signal (A) (B), and judges 
the negative electrode of a signal (A) with an operational amplifier 17 (C) and a comparator 19 (D). And both output 
(B, D) is outputted by NAND20 as negative logic OR (E). Furthermore, positive feedback of the output voltage of 
comparators 18 and 19 is carried out through resistance R2 to a non-inversed input terminal, and the comparison 
electrical potential difference Vr is amended according to the feedback ratio which becomes settled in resistance 
R2 and resistance R3 (B\ D')- In this way, the window comparator 1 6 with a hysteresis function is constituted. 
[0031] Here, generally, although a high electrical potential difference is needed at the time of starting, the neutral 
zone of the slider unit 3 is once started, or becomes, and actuation of it is attained to a low electrical potential 
difference. Therefore, it can be made the actuation according to a actual neutral zone by using the window 
comparator 16 with this hysteresis function. 

[0032] Next, drawing where drawing 5 (a) expresses the relation between the output of the slider controller 8 of 
drawing 3 and a neutral zone, and drawing 5 (b) are drawings showing the relation between the output of the analog 
switch 14 of drawing 3 R> 3, and a hysteresis function. 

[0033] In drawing 5 (a), V1 corresponds to the output of the slider controller 8 of drawing 3 , and Vs1+ and Vs1- are 
the reference voltages which converted into the input point of power amplification 1 1 the minimum starting voltage 
which escapes from the neutral zone of the slider unit 3; The voltage waveform of the shape of the teeth of a saw in 
drawing expresses the situation of output offset of the slider controller 8 like the case of the gestalt 1 of operation. 
[0034] In drawing 5 (b), V2 corresponds to the output of the analog switch 14 of drawing 3 , and Vs1+ and Vs1- are 
the input conversion reference voltages of minimum starting voltage like drawing 5 (a). Moreover, Vs3+ and Vs3- are 
the judgment electrical potential difference which converted the threshold electrical potential difference at the time 
of amplitude buildup of the window comparator 16 into the input point of power amplification 11, and the judgment 
electrical potential difference to which Vs4+ and Vs4- carried out the input conversion of the threshold electrical 
potential difference at the time of amplitude reduction similarly. 

[0035] Generally, although an electrical potential difference with the expensive neutral zone of the slider unit 3 is 
needed at the time of starting, there is the description which is once started, or becomes and operates to a low 
electrical potential difference. So, ON of a servo loop and OFF can be set up now with a near gestalt by actual 
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actuation of the slider unit 3 by setting the electrical potential difference when stopping the electrical potential 
difference at the time of starting after starting to judgment electrical-potential-difference Vs3+ and Vs3- as 
judgment electrical-potential-difference Vs4+ and Vs4-, for example in an above-mentioned configuration and 
above-mentioned drawing 5 (b), respectively. Therefore, since the currents currently consumed can be reduced 
further, without operating conventionally, it is the same servo property as the gestalt 1 of operation, and the slider 
servo system which can be further considered as a low power can be offered. 
[0036] 

[Effect of the Invention] As mentioned above, this invention has the comparator which judges the input voltage to a 
slider unit, and the switch turn on a slider servo loop and switch off, and when the input voltage to a slider unit is 
below predetermined level, it controls them to make a slider servo loop off. Therefore, the useless actuation 
currents of the slider unit in the neutral zone field of a slider unit can be reduced, and the slider servo system which 
planned the low power can be offered. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the gestalt of operation of the 1st of this invention 

[D rawing 2] (a) Drawing showing the relation between the slider controller output of drawing 1 , and a neutral zone 

(b) Drawing showing the relation between the analog switch output of drawing 1 , and a neutral zone 

[Drawing 3 ] The mock diagram showing the gestalt of operation of the 2nd of this invention 

[Drawing 4] (a) The detail circuit diagram of a window comparator 

(b) Drawing showing the wave of each part of a circuit of drawing 4 (a) of operation 

[Drawing 5] (a) Drawing showing the relation between the output of the slider controller of drawing 3 , and a neutral 
zone 

(b) Drawing showing the relation between the output of the analog switch of drawing 3 , and a hysteresis function 
[Description of Notations] 

1 Optical Disk 

2 Optical Pickup 

3 Slider Unit 

4 Spindle Motor 

5 Signal Generation Machine 

6 Signal-Processing Machine 

7 Optical Pickup Servo Control Machine 

8 Slider Controller 

9 Spindle Controller 

10, 11, 12 Power amplification 

13 16 Window comparator 

14 Analog Switch 

15 Slider Equipment 

17 Operational Amplifier 

18 19 Comparator 
20 NAND 

R1, R2, R3 Resistance 

Vr Comparison electrical potential difference 
Vs1+, Vs1- Reference voltage 

Vs2+ Vs2- Vs3+ Vs3- Vs4+ Vs4- Judgment electrical potential difference 



[Translation done.] 
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[001 1 ] *«W©»*3H3 CCKtt©»§l3tt, t^^y 
4 V<D*rv zmW&f Sit— #y -i 

v-Y h*S^RR^"C&t^-*'^ -f )h*t—<D\ft 

tKomm^Lx^-t-^-y'^m^-ytfCL, mt>^ 

C0012] *»!8©3l»*^4«CSatt<D»IUtt % Jt«* 
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--jou- y*m&- y^c u . mt}i%mm> hmmmmz 

[0013] (HtkO^AB 1 ) J«T#^BJ§<DJP 1 cDHJfi 

[0 0 14] 5tt*tf-y*Ty^2«:<fc»)R*ffl3n/c 
20 [ 0 0 1 5 J 7 UJt b* Z T v ^-sKWflPST * o 

flctSc 10Mf7^7^7 , 2JCi-r^7t-^Xi 

»SCX h y y 2mfflm<D^y-T>y'-c$>Z> 0 
[0016] ;^tc, Xt*> K Jb*— ir 4 sKftfJtWK: 

mux:, 9i^f> F^oif-^ -f ^u*— **e>«c-5 

30 *k">F;t/IMfBig, 1 2tSXf> K^J^co^'^-r 
[0017] ^7>f^-ai7 h 3 co-y- — 3j^*fJ 

©A^U^^^^J^~r^>^^> K=3>^*U-*. 1 4CJ 

40 ^ftK-CHSstifc«H) *^7-<5T-»Bl 5 i 

[0018] — «{C>C^^^jL^-y h 3©1f- 

50 So 



(4) 
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[0019] tLbDcfc 5 «c«fi£$ nfe*»Mfl?» 1 ©H 

2(a) «01©X^-l'^-*IJ©fi8tB^i^M^i© 
MifcZM-fm. 02 (b) «0 1 ©T^a^X-f 1 

[0020] 02 (a) iCfct^T, V lttilO^? 

8 ©tttoKfcfe&u V s 1 +. V s 1 -tt* 

■7-T>^"l l©A^«c!fcl(EHfc»i|[«Et?**. la 

■P ©©C 13 ttiK©^ffi&fl5ttX 5- -C #-$J0jJ3§ 8 ©ffl 

[0 0 2 1 ] BPt>. iEi&iToTufw * * 1 ©STOitK© F- 
77^f^7-;7'2!!l5|- U-XUTIK. £©£ 

* > ^ - #©$**£ J; <0 . B?|Q iitfcjtt j 7 y 

a 4. -eofikisrtitc^or. ^-^Hwawss©-* 

-S|©i>-<n- :/£&£) . #-$im$£8<Dtii?} 
-Ctb*>*y*zv h#i#A"f-S>., fit, »P^EEVs 1 
+ *-2>l<HJS*Si^IIV s 1 

-j v 3 ami & <a« s sciti t 

s<ao. ^^wf-$if(aigi8©ai*^/h3<A c c^ 0 c 

Ht, ©£* f g»R©ttjBEiJ»&£&.5. 
[0 02 2 ] @2 (b) iCte^T. V2tt@l®7ta 
4<Dmt}<,a$&h. Vsl+, Vsl-B 

112 (a) ±mmicmmaW)ms.<DAt)t&nmmmi£X' 

*-5>„ S/c. Vs2+, Vs2-B^>K3>^U- 
^130Xi/" J --> a *Jt-h'lE^A , 7-7>7'l 1©A 
#j£«cjfe# 0fc*flS£*EE-C*4. 
[0 02 3] 12 (b) KlTTrrj^ic, Si>«H 

v s 1 + , sjh^iev si-i!) t>^=f mftm&) i& 
^mmmcnMmKv s 2 +, vs2-?:t£Lro5 

&©£"rS,, C©£#. 0 1 (a) fC^f ©C^D^ft 
©tf y -fe h «JBBW#te$ & <t . *?*zyY «EE*Hg 
^WSSlkZVJ^ Kn>^U-£ 1 3«SJfrfe!-r. 

[0024] fflrfr. 3 Hz * h ME-wmaoxw 

SmEEVs2+. Vs2-^ax.Si, -^^>Kn>A 
1 3#J5tSU o ^ ? 1 4 {£.7% -5 ^ 
-Wap«8©ai^;flHK:SSI(t34iS. CUT, ^ 4 V 

^EE^iiflni/TrH^caiiSEEV s 1 + . Vsl-| 
iS^Si. 02 (a) X'%iWLtcJ: 5 tc. y-a 
-» h 3*s^a«i3n-2> 0 

[0 0 2 5 ] «±©J: OK. *%Wc , A^jmEE 



V 1 fr^mmBEV s 2 +. Vs2-?;ix5^Ttt, * 

-Y 7 h 3 T'©^©fl&l*&?g©j!>5ft < t£Z>icih 

i8»«# ©BUSES H -B Ci^T*^ 
[0 02 6] frfc. W^ffiV s 2 + , V s 2 - icrH* 
T«,aj|I^EEV s 1 +. V s 1 -£IS)G^*.2.l^iiR 

©T^M7e';f^l#tt«1-5. <£9i£ 

10 ^© h U- F^-^^i-Sb^KC^-T-S. 

[0 02 7] JW±© J; 5 «c . * C <h TilS? 

©f--^e«^b 3 -»r {c^c««:fl5»t*©B!l«*^ 

[0 02 8] (mrnomm 2 ) yttc. ^rnxom 2 ©si 

fct^r. i6« i >-/>F3>^'i/-$t*-7'r, lite 

feWS^Y >h"3 >^-f U- £ 1 3 ©#lJ^8frf£CC t Xy- <J 

©fi«^«ns-rs„ 

[0 02 9 ];X(C, ^-Y> F3>AU-^ l 6©t^r- 

'jisx&mc-m-cmwr&o 04 (a) p= 

>;SU-£ 1 6©l$ffllUS§0. 04 (b) «04 (a) 

©08§&gB©»fro£ff$£a-r0T-*3 o sjcfcc^r. 1 

30 7«^t>7-t-. JS$^A^/ig^tcS^$nfc2*©tg 
JxR 1 {C«fc br«jf^-r-5„ 1 8fc<fcO*l 

r 4*Jt«brttff-r4. 2 0«^S15IK©NANDr- 

[0030] ^(c. ^©Mmc-oi^rittH^-r-s,, n>^ - 
U-^l 8«m-*f (A) ©iE**4«e (B) l.. ^-^r 
>717 (C) i3>AU-^l 9£&Cj;«3{i-Sf (A) 

(Dnmzmm <d) t.-s., tLx^momti <b, d> 

ttNAND 2 0(Ccfc«3SliSOR<i:L.rm* (E) $n 
40 So S6K. 3>;<.U-jH8. 19©m^^£EWigH 
R2^7>Ur^SlEA^^iE«S$n. JSSxR2£ 
JSSxR 3 i-C^S 4»aJt*«cfie-3rJtR«ffiV r ififfi 
IE3nS (B' > D' ) „ CUT. kXf ';->X«(| 

#©^-i , > h'3>^i/-$ 1 6j&s^$ns„ 

[0 0 3 1 ] CCT, Xv-r^-JL^.y h 3©^^ 

ftffltsctT, 3iiB©3«»fc]£t;;jfcibft:K-r5e 4 

50 *5T-^-S 0 
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[0 03 2 ] -Xlc. 0 5 ( a ) tti3©^7-/ #-W» 
S8©ffi^i^«BS4©|IB«%a-ria. 05 (b) W0 

[0 0 3 3 ] i5 (a ) (C*tt>T. V 1 «03©X5 -f 
8 ©Htfjjcfcfitu V s l + . Vsi-|« 
h 3©^>!BW*|{irs«fiS««BE*^c 
"7-7>:/l 1 ©A**«c^bfc8iilEr*5, 0 
*©© C ^ 0 #K©«aa»S?tt . £t6©}gffi 1 <DW& t 

[0 0 3 4 ] S5 (b ) (c*il>r % V2B03C7ti3 
^X-f „ ? 1 4©HWjtc*tfSU Vsl+, Vsl-tt 
05 (a) <b|^««c*(Sj@tt«BE©AA8(ffaS|l«EEr 

&6„ £/c, Vs3+, Vs3-tt^>f3>y<l/- 
* 1 6 <DfJgiPatiAB#©X K^JESr. ^ 7 - 

7>y'l ICAMicMLfcfflSiE, H«(C. Vs 
4 + , V s 4 - tt8g*§jl&i>B#©x U y -> a. 

[0 03 5 1 -SJfC, 77-f^-ar.,h3©^« 

^'j^.«±3ZE©lf^<t0 5 (b) itcfct^r. &m&}(on 

s3+, Vs3-(c, *atMgf?iLT-5B$ 

<oniE$:mj£mi±v s 4 + , v s 4 - tc-en-ftitsse-r 

£C<fcOC«£«3. 7,=yA¥-3.=.-y h 3©H^©KrmcJ: 
*3 -dOU- > . § •£ J; 

[0036] 

[£&IS©8&SI] jy_h©<J:5fC. 
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scim. mmmijzm fcx ^ z— *- #m 

CHIf©tt¥ftBMl§] 

[an *^hj©^ i <Dmm<Dmm*7jk-?zfa >2m 

[02] (a) SlOX^w'^-tlJ^Isai^i^wi 
(b) Il©TtH^^ 7 ^iTOi©M^ 

io [03] ^§m<DW2 ommvmm&^T ya * ?m 

[04] (a) K3>^'U-^©i¥ffl|51gg0 
( b ) 0 4 ( a ) (Dmffi&flUDWjiWiBZm-tm 
[05] (a) 03OX-5 -f^-flJWSOm^i^®^ 

(b ) 0 3©T7 v Pi7'X'C ^©tftfci t^f'J^I 

1 ^T^X* 

2 %Sdv*77v~3 

20 3 X^-f^-jz.-;, h 

4 Xf> h"Jl^-£ 

5 ff-5f£/&3S 

6 mnmm$s 

8 *5-f#-«J»S 

9 Xb*> F;l/$fJ©g 

10. 11. 12 J*<7-7lsrf 
13. 16 ^-f> Ka>;<|/- 4? 

14 rto^-/^ 
30 15 # -«a 

1 7 ^--<T>7" 

18, 19 :3>^u-£ 

20 NAND 

R 1 . R 2 . R 3 mtn 

V r JtlSHEE 

vsi + , v s i - smmK 

Vs2+, Vs2-, Vs3 + , Vs3-. Vs4+, 

v s 4 - mj£mi£ 
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